MATERIALS AND METHODS
The cyanobacteria, their origins and strain reference numbers are listed in Table 1 .
Jansen liquid medium contains per liter: NaNO3, 670 mg; MgSO4-7H0, 100 mg; Na2HPO4 3H20, 17 mg; K2HPO4-3H20, 50 mg; Na2SiO3-5H20, 75 mg; MgCl2 6H20, 50 mg; FeCl3* 6H20, 5 mg; CaCl12 2H20, 42 mg; H3BO3, 3 .25 mg; MnSO4 *4H2O, 2.4 mg; ZnSO4 7H20, 0.3 mg; (NH4)Mo71024 4H20, 0.08 mg; CuSO4-5H2O, 0.13 mg; Co(NO3)2-6H2O, 0.2 mg; KI, 0.09 mg; disodium dinitrilotetraacetate (EDTA), 4 mg; Tricine buffer (Sigma Chemical Co.), 250 mg; and sufficient 1 N NaOH to adjust the medium to pH 8.3 at 25°C. Jansen agar medium is Jansen liquid medium supplemented with 10 g of purified agar/liter (Difco Laboratories).
Suspending media for lyophilization were: skim milk medium (Difco), egg yolk enrichment medium (Difco), Jansen liquid medium, tissue culture select fetal bovine serum (Berkeley Biological Laboratories) lamb serum (Grand Island Biological Co.), beef serum (Difco), horse serum from fresh defibrinated horse blood (Grand Island Biological Co.), and human ascites fluid (Berkeley Biological Laboratories).
All cultures, whether in liquid or solid media, were grown without shaking at 27°C and at 1,280 lux of illumination from Westinghouse F 40-CW fluorescent lights. Before lyophilization, cultures of each organism were propagated for 10 days on the surface of Jansen agar medium in petri plates (100 by 15 mm). These cells were suspended to concentrations between 2 x 107 and 3 x 107 cells/ml by washing the agar surface with the appropriate lyophilization medium while scraping the surface with a sterile inoculation loop. A 0.5-ml portion of each cell suspension was transferred to each of several 1-ml vacuoles (Wheaton Scientific Co.), then shell frozen in propanol-dry ice. The frozen vacuoles were connected to a Virtis model 10 
RESULTS
Viability after lyophilization was examined for cyanobacteria suspended in each ofthe eight media listed in Table 2 . Ampules containing each organism in each suspending medium were opened at 1 day, at 3 weeks and at 3 months after lyophilization, then observed for cyanobacterial growth during several weeks of incubation. The length of the storage period between lyophilization and culturing did not detectably affect the observed viability, as is illustrated in Table 3 , which gives data for samples lyophilized in lamb serum. The survival of samples lyophilized in other media was similarly unrelated to storage time. For this reason, the data from all storage times are combined in Table 2 .
Lyophilization of 13 cyanobacterial strains was initially attempted in egg albumin medium (Difco), in skim milk medium (Difco), and in Jansen liquid medium. Throughout 4 weeks of observation no viability was detected in any sample (Table 2) , except for one ampule containing Nostoc muscorum lyophilized in Jansen medium (Table 2) . Thus, none of these three media, appeared to be a satisfactory suspending agent for lyophilization of cyanobacteria.
Lyophilization of the same organisms was next performed in human ascites fluid and in four different sera: lamb serum, horse serum, beef serum, and fetal bovine serum. All five of these suspending substances allowed survival of certain cultures during lyophilization (Table  2) . Lamb serum protected all of the species examined and, for most organisms, provided a higher percentage of viable samples than did other suspending substances (Table 2) . With the exception of Oscillatoria subbrevis, for which only one third of the lamb serum samples showed viability, at least half of the lamb serum samples of each organism survived lyophilization (Table 2) .
In all cases in which growth was observed, increased turbidity and increased green color were apparent after 1 week of incubation. Cultures showing growth were also observed micorscopically, revealing an increased concentration of cells morphologically identical to the cells that had been lyophilized.
DISCUSSION
The suspension of cyanobacteria in serum allows successful lyophilization of all organisms here examined, of which N. muscorum is the only species reported to survive lyophilization in any previously examined medium (4) . Lamb serum gives the best protection of the largest number of species. Other sera are not as effective, with both beef and fetal bovine serum yielding especially low survival frequencies. The different efficacies of the various sera could reflect differences either in protective action or in toxicity, since numerous organic compounds can inhibit the growth of cyanobacteria. Furthermore, none of the sera were treated to remove antibodies or other host resistance factors. Removal of such factors or the use of welldefined serum fractions might enhance the protective properties of serum. Interestingly, Watanabe has reported lower viability of Tolypothrix tenuis and ofCalothrix brevissima after lyophilization with bovine serum albumin than with human serum albumin (10) .
Many of the organisms that survived lyophilization in lamb serum have been reported not to survive lyophilization in various salts media. Thus, several species ofAnacystis and ofMicrocystis (or Diplocystis) were nonviable after lyophilization both in GO salts medium (4) and in Jansen medium (Table 2) . With the exception of Gloeocapsa alpicola and Gloeocapsa echinulata lyophilized in GO medium (4), nonfilamentous and nonsporulating cyanobacteria have shown no detectable viability after lyophilization in either GO (4) or Jansen medium (Table   2) .
Among the filamentous cyanobacteria, N. muscorum and Anabaena cylindrica retained viability after lyophilization in GO medium (4). In contrast, only N. mucorum, but not Ana- baena flos-aquae or Anabaena variabilis, survived the somewhat different lyophilization procedures in Jansen medium ( Table 2 ). The relative tolerance of Nostoc and Anabaena to freeze drying may arise from their production of akinetes (spores) or from other peculiarities of their structure or growth. The production of heterocysts probably did not affect their survival, since heterocysts are not believed to be formed at the high nitrogen concentrations of GO or Jansen medium and since heterocysts are not observed in Jansen medium cultures. Although species of Nostoc and Anabaena tolerate some freeze drying in salts media, the data in Table 2 indicate that the addition of lamb serum enhances the viability after lyophilization of even these organisms.
Since it has been reported that skim milk solids might give some protection to certain cyanobacteria during lyophilization (4) , freeze drying was attempted in skim milk medium (Difco) ( Table 2 ). Under the conditions used here, however, skim milk did not detectably increase the viability of lyophilized cyanobacteria (Table 2) .
Of all organisms examined, 0. subbrevis showed the smallest fraction of viable samples, even when lyophilized in lamb serum. Although this low frequency of successful lyophilization may reflect random sampling error in a small number of samples, it is reminiscent of Holm-Hansen's observations that Oscillatoria is especially sensitive to freezing (3 
